The power options that have been considered for these microsensor systems include energy storage devices (i.e. batteries), energy conversion devices (e.g. solar cells, piezoelectric generators) and hybrid systems that combine an energy conversion device with energy storage (3) . The hybrid approach is attractive since it has the potential to reduce the overall size and extend the lifetime of a micropower supply. However, the realization of this approach requires suitable rechargeable batteries.
The hybrid approach is well suited to the duty cycle of many envisioned microsensor systems. Such devices would collect and transmit data for brief periods at given intervals, or in response to a specific stimulus. Between these intervals of high activity, the device would be in a low power standby mode in order to conserve energy. This creates a duty cycle consisting of a low standby power coupled with brief periods (pulses) of peak power. Table 1 gives an example of the power requirements envisioned for a microsensor system. In a hybrid power supply that utilizes a rechargeable battery for energy storage, the energy conversion device is sized to meet the standby power requirement and provide the power needed to recharge the battery. The battery is sized to meet the peak power requirement and functions as a load-leveling device. Since the battery is recharged, long operational lifetimes are possible.
The batteries used in this type of hybrid system need to be small in size and have a high specific power. Our research group has developed a nickel-zinc microbattery suitable for this type of application (4). These nickel-zinc cells are built using microfabrication techniques similar to those used for microelectronics and microelectromechanical systems (MEMS)
In order to minimize the size of the battery, it is necessary to optimize the cell design with respect to capacity and power output. To accomplish this, a mathematical model was developed and used to define optimum cell geometries in terms of power and energy stored per substrate area. The model was a two-dimensional finite element description of the nickel-zinc microbattery. The cell geometry was optimized using the model, and cells with the optimized geometries were constructed and tested. Figure 1 shows a pulse discharge measured for an optimized cell. Over 5 mW were produced from a cell with a total area of 3.6 mm 2 . Good agreement was observed between the predicted and measured performance of these cells. The optimized cells had a higher energy density (1.9 J/cm 2 vs. 1.7 J/cm 2 ) and a much higher power density (139 mW/cm 2 vs. 57 mW/cm 2 ) than cells previously fabricated (4). This type of performance should make it possible to create a hybrid power supply of a minimal size. 
